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Knowledge  about  the  pigment  of  Qacillus  prodigiosus. 
First  report:  On  pigment  production, 
by  Dr.  G.  Gorbach 


From  the  Institute  for  Technical  Biochemistry  and  Microbiology  of  the 
Technical  College  at  Graz.  Zentralblatt  f.  Bakter.'2.  abt.  Vol.  79,  No.  1/7, 
1929,  pp  26-50. 


Already  in  the  early  stages  of  bacteriological  research  it  v/a3  customary  ! 

to  use  pigment  production  as  a  factor  in  the  differentiation  of  bacterial  types.  | 
It  was  shown  subsequently,  however,  that  pigment  production  is  a  quite  variable 
property  of  certain  bacterial  types  which  depends  on  a  number  of  external  con¬ 
ditions,  the  knowledge  of  which  is  by  no  means  exhausted  even  today.  For  this 
reason  it  was  frequently  observed  that  a  type  with  vigorous  pigment  formation, 
discontinued  this  activity  after  a  shorter  or  longer  period  of  cultivation  in 
the  laboratory,  seemingly  without  a  particular  external  cause,  and  then  grew 
without  pigment  or  at  any  event  with  reduced  chromogenesis  and  an  altered  shade 
of  color. 

This  variability  in  pigmentation  is  shown  best  by  Bacillus  prodigiosus, 
probably  the  most  extensively  and  most  frequently  examined  type  of  bacterium. 

Hefferan  (1)  has  used  several  strains  of  prodigiosus  in  her  comparative 
tests  of  a  number  of  red  bacteria.  Agar  plate  cultures  obtained  from  them 
showed  quite  variable  amounts  of  pigment.  The  number  of  colored  and  weakly  or 
not  at  all  colored  cultures  fluctuated  within  wide  limits  for  the  individual 
strains. 

Hefferan.  was  unable  to  furnish  exhaustive  clarification  based  on  unequi¬ 
vocal  tests.  These  examinations  confirmed  the  phenomenon  known  even  then,  that 
B.  prodigiosus  shows  the  ability  to  produce  pigment  only  at  low  temperatures 
below  33°C,  while  this  ability  is  already  completely  eliminated  by  temperatures 
of  around  37°C. 

It  suggests  itself  to  examine  the  ability  to  produce  pigment  with  a  view 
to  its  possible  significance  to  the  producing  organism.  Hereon,  too,  numerous 
opinions  exist,  based  on  more  or  less  exact  tests,  without  unequivocal  solution 
of  these  problems.  Considering  the  frequent  diversity  in  the  organization  of 
the  known  bacterial  types,  a  generally  valid  answer  cannot  be  given,  ror  those 
types  in  which  optinval  growth  does  not  coincide  with  ximal  c'nromogenesis,  no 
particular  value  may  be  ascribed  to  pigment  formation  ior  the  life  oi  the^ 
organism  and  the  maintenance  of  its  vital  properties,  ihe  preceding  consider¬ 
ations  do  not  allow  the  assignment  of  a  vital  function  to  the  pigment  production 
of  B.  prodigiosus.  As  i3  well  known,  this  bacterium  only  secretes  its  red 
pigment  into  its  surroundings  if,  among  other  factors,  the  growth  temperature 
lies  between  the  usual  room  temperature  and  37°C.  If  it  rises  above  jl  C,  growth 
is  excellent,  but  no  pigment  is  formed.  Therefore  the  process  of  chromogene.c-  — 
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does  not  seem  to  be  important  to  the  growth  of  B.  prodigiosus. 

The  great  importance  of  the  composition  of  the  nutrient  substrate  for 
pigment  formation,  in  addition  to  the  utilized  temperature,  had  been  recognized 
early.  Hefferan  (l.c.)  and  Sullivan  (2)  may  be  mentioned,  who  have  callea 
special  attention  to  the  importance  of  the  knowlodgo  of  tho  medium's  composition 
in  pigment  production  tests.  The  composition  naturally  influences  the  process 
of  metabolism.  In  addition,  various  rays  seem  to  be  important  to  pigmentation, 
especially  light,  also  high  pressures,  constant  passive  movement  of  the  culture, 
the  type  and  quantity  of  gases  dissolved  in  the  fluid,  the  viscosity  of  the 
medium  and  its  reaction. 

All  investigations  conducted  to  date  concerning  the  pigment  production  of 
bacteria  in  general  and  of  B.  prodigiosus  in  particular,  show  that  it  is  prima¬ 
rily  a  function  of  metabolism  and  that  an  insight  into  the  processes  of  pigment  j 
formation  will  be  possible  only  by  way  of  metabolic  tests. 

The  report  on  my  own  tests  with  nutrients  of  exactly  known  composition 
and  of  maximal  simplicity  shall  be  preceded  by  the  literature  relating  to  the 
metabolism  of  B.  prodigiosus  and  the  pigment  of  this  type,  so  far  as  it  pertains 
to  the  question  of  chromogenesis  of  this  bacterial  type.  In  this  connection 
a  sifting  of  the  papers  according  to  the  following  scheme  seems  indicated:  | 

I.  Influence  on  pigment  production  I 

1.  By  the  medium  with  reference  to  i 

a)  the  source  of  carbon  and  nitrogen 

b)  the  existing  hydrogen  ion  concentration  and  the  nutrient  salts. 

2.  By  the  concentration  of  oxygen. 

3.  By  physical  influences,  such  as  temperature,  rays,  pressures  and 

jolts • 

4*  By  toxins. 

II.  Prodigiosin. 


I.  Influence  on  pigment  production 
1.  By  the  medium  with  reference  to 

a)  the  sources  of  carbon  and  nitrogen. 

The  carbohydrates  deserve  primary  consideration  as  nitrogen- 
free  carbon  sources*  The  beneficial  influence  of  starch  on  tho  pigment  formation 
of  B.  prodigiosus  has  been  known  for  some  time.  Thus  a  potato  medium  is  able 
to  stimulate  those  strains  of  prodigiosus  into  renewed  vigorous  pigmentation 
which  have  almost  or  completely  lost  this  ability  due  to  frequent  cultivation 
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on  artificial  media. 


Schneider  used  starch-containing  media  in  tests  of  the  chemical  properties 
of  bacterial  pigments,  Kraft  (3),  Pappenhausen  (4)  and  Heffcran  (5)  also  were 
able  to  observe  the  favorable  influence  of  starch  on  the  production  of  pigment, 
according  to  Pappenhausen  the  amount  of  pigment  even  rises  in  proportion  to 
the  starch  content  of  the  nutrient. 

Opinions  differ  on  the  value  of  the  various  sugar  types  for  chromogenesis. 

.v'asserzug  (6)  thinks  that  sugar  is  indispensable  to  favorable  pigment 
production,  v.'ovley  (7)  and  I.’oeske  (S)  on  the  other  hand  claim  to  have  seen 
better  pigmentation  in  sugar-free  nutrients.  Hefferan  (9)  has  closely  examined 
dextrose,  lactose  and  saccharose  for  their  influence  on  pigment  production. 

Ohe  used  a  synthetic  nutrient  solution  consisting  of  0.2%  KP^PO; ,  0.2%  asparagine 
and  0.1 %  KgSO^.  Of  the  three  sugars  saccharose  and  dextrose  had  increased  pig¬ 
ment  formation  considerably  in  all  cases,  lactose  only  in  exceptional  cases, 
since  the  cultures  on  peptone-agar  media  and  the  tested  synthetic  nutrients 
showed  only  meagre  pigmentation  with  and  without  lactose.  Samkow  (10)  has 
tested  a  number  of  carbohydrates  with  a  view  to  their  influence  on  the  develop¬ 
mental  possibilities  of  B.  prodigiosu3  on  nutrients  with  different  nitrogen 
sources,  without  considering  the  effect  on  pigment  production. 

.imong  the  simpler  carbon  sources,  glycerol  is  described  as  promoting  pig¬ 
mentation.  Sullivan  (11)  and  Carminitti  (12)  found  that  chromogenesis  actually 
can  be  increased  proportionally  with  glycerol,  according  to  Sullivan,  a  de¬ 
crease  in  glycerol  content  must  be  compensated  by  a  rise  in  the  amount  of 
asparagine  up  to  1$,  in  order  to  maintain  good  pigment  formation,  aside  from 
organic  acids,  salts  of  ammonium  of  succinic  acid,  lactic  acid  and  citric  acid 
proved  useful;  these  can  be  utilized  as  socalled  combined  nitrogen  sources  in 
view  of  their  nitrogen  content,  according  to  Sullivan  (11)  they  yield  the  best 
pigment  when  combined  with  asparagine. 

The  salts  of  ammonium  of  other  organic  acids,  such  as  wine  vinegar,  oxalic 
acid,  uric  acid  and  formic  acid  are  not  favorable  to  pigment  production,  although 
growth  of  B.  prodigiosus  has  taken  place. 

Hardly  any  data  exist  on  the  influence  of  nitrogen  sources  on  pigmentation. 

Hefferan  has  determined  an  inter-dependency  between  the  sources  of  carbon 
and  nitrogen  to  the  extent  that  in  the  absence  of  particular  carbon  sources 
(carbohydrates)  the  amount  of  asparagine  in  the  medium  had  to  be  doubled  before 
chromogenesis  occurred.  Sullivan's  tests  also  pointed  to  the  necessity  of 
using  suitable  combinations  of  nitrogen  compounds  with  carbohydrates  and  nutri¬ 
ent  salts  in  the  media.  Thus  he  demonstrated  that  the  pigment  is  most  rapidly 
produced  in  a  solution  of  0.2 %  asparagine,  0.2%,  MgSO^,  1%  K^HPO^  and  2%  glycerol. 
Tests  of  the  influence  of  inorganic  nitrogen  sources  in  combination  with  carbo¬ 
hydrates  and  other  carbon  sources  on  pigment  production  apparently  have  not  yet 
been  conducted. 

b)  Hydrogen  ion  concentration  and  nutrient  salts. 


\ 
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The  influence  of  the  pH  factor  in  the  nutrient  has  been  treated  but  in  a 
few  experiments,  which  moreover  are  of  little  value  owing  to  the  inaccurate 
determination  of  acid  and  alkali  contents. 


Thus  Kuntze  (13)  found  that  a  wekly  acid  reaction  is  favorable  to  pigment 
formation,  while  growth  is  not  furthered  thereby.  Papenhausen  (14)  also  recog¬ 
nized  the  favorable  effect  of  weakly  acid  media  on  pigmentation,  as  Ion"  as 
growth  is  not  overly  harmed.  Laurent  (15)  has  attributed  the  beneficial  effect 
of  carbohydrates  to  the  acids  being  formed  in  their  degradation,  resulting  in 
a  reaction  favorable  to  chromo  gene  sis.  In  his  opinion  the  favorable  effect  of 
carbohydrates  can  be  eliminated  by  corresponding  audition  of  alkali.  This 
view  is  supported  by  Hefferan's  tests  which  demonstrated  that  sugar-free  but 
weakly  acidified  agar  nutrients  resulted  in  as  vigorous  a  pigment  formation  as 
saccharated  media.  In  these  tests  nutrient  agar  with  1.5%  agar  and  l£  peptone 
was  utilized.  Of  this,  one  sample  was  neutral  (indicator  phenolphthalein)  and 
one  portion  each  with  an  acid  or  alkali  content  of  1.5%  was  used.  The  cultures 
grown  thereon  showed  the  best  pigmentation  in  the  acid  reaction  and  the  least 
in  the  alkaline.  In  the  first  case  the  pigment  was  vermilion  red,  in  the 
second  violet. 

There  are  extensive  studies  of  the  influence  of  inorganic  nutrient  salts 
on  pigment  production  of  B.  prodigiosus.  Host  of  the  investigators  agree  that 
magnesium  assumes  a  major  role  in  pigmentation,  since  its  presence  seems  to  be 
absolutely  necessary.  This  fact  may  be  justly  generalized  as  being  true  of  the 
pigment  production  of  bacteria  and  yeasts  on  the  whole. 

Thus  Pseudomonas  pyocyanea  does  not  produce  bacteriofluorescein  if  the 
nutrient  lacks  magnesium,  as  demonstrated  by  Kuntze  (16).  Kossowitz  (17),  in 
his  examinations  of  pigment-producing  saccharomycetes,  came  to  the  conclusion 
that  they,  too,  unquestioningly  require  the  presence  of  magnesium  salts. 
Saratov'?  (18)  tests  with  E.  p.odigiosus  produced  the  significant  fact  that  in 
this  case  the  utilization  of  magnesium  sulfate  in  the  cultur  medium  not  only 
makes  pigmentation  possible,  but  alx>  promotes  growth.  This  was  sbovm  upon 
cultivation  in  a  nutrient  solution  containing  potassium  phosphate  and  soda  and 
small  amounts  of  magnesium  sulfate  in  addition  to  asparagine  and  glycose. 

Samkow's  experiments  show  further  that  the  anior.  connected  with  magnesium 
has  no  significance  for  pigment  production.  The  tests  also  determined  the 
necessity  for  the  presence  of  P0£*’  and  Cl*  . 

r*p enhausen  (19)  and  Sullivan  (20)  also  arrive  at  the  conclusion  that  lo¬ 
cation  is  indispensable  in  the  medium  for  pigmentation  purposes.  With  respect 
to  3ulfide3,  iodides  and  bromides,  the  authors  conclude  that  these  salts  hinder 
rather  than  further  pigment  formation. 


Smirnov  (21)  reports  that  Had  and  Na2S0^  also  are  injurous  to  pigmentation, 
which  may  be  true  of  higher  concentrations. 


2.  Influence  of  oxygen  concentration. 

Schottelius  (22),  to  whom  we  owe  the  first  investigations  of  the 
chromogenesis  of  B.  prodigiosus,  already  found  that  a  surplus  of  air  is  necessary - 
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for  favorable  pigment  production  of  this  bacterial  type. 

.vasserzug  (23)  observes  a  lower  chromogenesis  in  liquid  cultures  of  3. 
prodigiosus  than  on  gels  (agar).  He  attempts  to  explain  this  phenomenon  by  the 
lower  oxygen  concentration  in  the  first  as  compared  to  that  of  the  air. 

Galeotti  (24)  did  not  find  an  increase  in  pigmontation  upon  utilization  of  pure 
oxygen  in  place  of  air,  leading  him  to  the  conclusion  that  too  high  an  oxygen 
concentration  as  well  as  too  little  tends  to  inhibit  pigment  production. 

Delanoe  (25)  tested  the  effect  of  aerial  oxygen  on  liquid  cultures  by  increasing 
the  surface  of  the  nutrient  by  tilting  the  test  tube,  and  obtained  bettor  pig¬ 
mentation  in  the  tilted  tube  as  oompared  to  the  perpendicular-  tube.  .Frequent 
laying  down  and  setting  up  of  the  tubes  also  favored  pigment  formation,  since 
the  liquid  medium  is  more  thoroughly  aerated.  However,  these  tests  do  not  make 
it  clear  whether  the  increased  oxygen  content  only  promotes  growth  and  thus 
indirectly  furthers  pigmentation,  or  only  promotes  the  latter  without  regard 
to  multiplication.  The  fact  that  a  certain  oxygen  pressure  must  exist  for 
favorable  growth  was  demonstrated  by  means  of  anaerobic  cultures  of  Bacillus 
prodigiosus,  which  according  to  Delanoe  show  only  meagre  growth. 

ilitter  claims  to  have  proved  that  B.  prodigiosus  also  is  able  to  grow 
under  strict  anaerobic  conditions.  Samkow  (27)  contends  that  upon  reliable 
elimination  of  aerial  oxygen  B.  prodigiosus  is  unable  to  maintain  growth, 
agreeing  with  Delanoe1  s  findings. 

3.  Influence  of  physical  forces. 

,is  already  stated,  the  growth  temperature  exerts  conspicuous  influence 
on  the  pigmentation  of  B.  prodigiosus. 

Schott elius  128)  first  called  attention  to  this  phenomenon.  He  noted  that 
this  type  of  bacterium  is  unable  to  produce  its  pigment  at  37°C  in  spite  of 
lush  growth.  Upon  constant  cultivation  at  this  temperature,  favorable  to 
reproduction,  chronic  damage  to  the  ability  to  form  pigment  ensues,  which  is 
not  easily  removed  even  by  subsequent  cultivation  at  room  temperature  and  at 
28°C.  otrains  of  b.  prodigiosus  develop  whose  growth  form  is  without  pigment. 
Delanoe  (29)  sets  the  optimal  temperature  for  pigmentation  at  17-23°C  and  gets 
the  same  results  as  Schottelius  with  respect  to  the  effects  of  higher  tempera¬ 
tures.  He  finds  43°C  to  be  the  maximum  temperature  for  growth. 

Opinions  differ  concerning  the  effect  of  visible  and  ultraviolet  rays  on 
chromogenesis.  The  cause  thereof  is  frequently  found  in  the  methods  utilized. 
Since  prodigiosin  as  such  is  very  photolabile,  exposure  tests  may  not  be  con¬ 
ducted  with  extended  periods  of  irradiation.  Long  periods  of  exposure  lead  to 
the  bleaching  of  the  pigment,  simulating  an  absence  of  pigment  production. 
Besides,  extended  irradiation  injures  growth  and  nay  inhibit  it  altogether, 
thus  hindering  pigmentation  indirectly. 

The  tests  of  Galeotti  (30),  Hefferan  (31)  and  others  with  extended  direct 
exposure  to  sunlight  result  in  a  decrease  of  pigment  fornution  in  cultures  of 
B.  prodigiosua,  but  this  is  coupled  with  inhibition  of  its  growth.  Therefore 
a  direct  influence  cf  sunlight  on  pigmentation  cannot  be  deduced  from  these 
tests. 
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Eai-Her  investigations  reveal  that  growth  and  pigment  production  are  not 
damaged  by  red  and  yellow  as  well  as  heat  rays  during  irradiation  with  visible 
or  ultraviolet  light,  but  solely  by  the  shorter  wave  length  of  the  visible 
spectrum  and  ultraviolet  rays  as  such.  Generally  a  48-hour  exposure  suffices 
for  suppression  of  pigment  formation  and  enzyme  production.  Gott3chlich  (32) 
claims  to  have  demonstrated  that  3hort  exposures  to  violet  or  ultraviolet  rays 
exert  a  beneficial  influence  on  growth  and  chromogenesis.  Ke  explains  his 
findings  by  contending  that  the  less  resistent  and  old  cells  are  annihilated 
by  3hort  exposure  to  sunlight,  while  the  viable  young  forms  survive  and  are 
stimulated  into  particularly  vigorous  cell  division  and  pigment  formation. 

More  detailed  investigations  concerning  the  effect  of  light  on  the  pigmentation 
of  B.  prodigiosus,  based  on  modem  methods  of  measurement,  are  lacking. 


Chopin  and  Tamann  v33)  investigated  the  effect  of  high  pressures  on  pig¬ 
ment  production,  concluding  that  about  3,000  atmospheres  inhibit  development 
of  B.  prodigiosus,  consequently  also  pigmentation.  Initially  they  noted  a 
slowing  down  of  the  cellular  motility .  As  yet  there  are  no  important  investi¬ 
gations  of  other  physical  influences. 


4*  Influence  of  toxins. 


This  field  also  shows  few  investigations.  Smirnow  (34)  claims  to  have 
influenced  pigmentation  favorably  with  phenol  fumes  directed  on  agar  cultures 
of  B.  prodigiosus.  This  increased  pigment  production  i3  3aid  to  persist  for 
several  generations.  Cordier  (35)  exposed  cultures  to  ether  fumes  and  was  able 
to  thus  suppress  chromogenesis.  Subsequent  generations  are  also  said  to  have 
grown  achromogenically  for  some  time.  He  obtained  the  same  results  with  fumes 
of  methyl  and  ethyl  alcohol  and  chloroform. 


hs  a  supplement,  the  effect  of  radium  emanation  on  pigmentation  shall  be 
touched  on  briefly,  as  claimed  by  Bouchard  and  Baltnazar  (36).  according  to 
these  authors,  radium  emanations  initially  exert  an  unfavorable  influence  on 
the  growth  of  all  chromogenic  bacteria  which  secrete  pigment  into  their  sur¬ 
roundings,  without  hindering  pigment  production  to  an  important  degree. 

II.  Prodigiosin. 

Schneider  (37)  made  the  first  attempt  to  examine  the  glowing,  blood- 
red  pigment  of  B.  prodigiosus,  "prodigiosin,"  with  respect  to  its  physical  and 
chemical  properties.  He  noted  the  solubility  of  this  bacterial  pigment  in 
alcohol,  ether,  carbon  disulfide,  chloroform  and  glacial  acetic  acid,  and  its 
complete  insolubility  in  water.  No  alteration  of  the  pigment  occurred  in  the 
above  solvents.  The  alcoholic  solution  shows  a  carmine  red  hue  upon  admixture 
of  hydrochloric  acid,  shifting  into  red-violet  after  a  short  time.  The  prodi¬ 
giosin  solution  is  stained  brownish -yellow  by  potash  lye  and  ammonia.  Careful 
addition  of  hydrochloric  acid  to  the  stained  solution  resulted  in  a  return  to 
the  red-violet  hoe.  Chlorine  water  removes  the  color  via  reddish-brown  and 
golden  yellow.  Dry  prodigiosin  obtained  from  the  solution  by  evaporation  of 
alcohol  shows  a  brown  color  after  moistening  with  sulphuric  acid.  Exposure  to 
sunlight  of  prodigiosin  solution  causes  conplete  bleaching  within  a  relatively 
short  time. 
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.iccording  to  Schneider  the  absorption  spectrum  of  prodigiosin  shoiifs  a 
strong  darkening  from  66-70  millimicrons  and  above.  Violet  and  blue  disappear 
completely. 

Few  reports  exist  on  the  chemistry  and  constitution  of  prodigiosin;  they 
utterly  fail  to  solve  these  problems.  They  arc  mentioned  here  only  for  the 
sake  of  completeness.  Griffiths  (38)  assigns  the  elementary  formula 

c3Sh56N05 

to  prodigiosin,  corresponding  to  a  nitrogen  content  of  2.3/3. 

Kraft  (39)  on  the  other  hand  reports  a  considerably  higher  nitrogen  con¬ 
tent  allegedly  reaching  3.91#*  while  Scheurlen  (40)  even  declares  prodigiosin 
to  be  nitrogen-free,  a  conclusion  recently  confirmed  (41). 

Samkow  (42)  expected  prodigiosin  to  contain  bound  magnesium,  reasoning 
from  the  premise  that  this  element  is  of  decisive  importance  for  pigment  pro¬ 
duction.  Despite  the  use  of  very  sensitive  methods  he  did  not  succeed  in 
demonstrating  magnesium  in  the  ash  of  prodigiosin. 

Prodigiosin* s  sensitivity  to  acid  and  alkali  led  Kraft  (l.c.)  to  the  pre¬ 
sumption  that  this  pigment  is  a  "dye  acid"  which  is  transformed  into  the 
corresponding  dye  ralt  in  the  ^presence  of  free  alkalis.  This  is  supported  by 
the  observation  that  the  alkali  salt  of  prodigiosin  is  in  fact  water  soluble. 

Eisler  and  Portheira  (43)  report  that  prodigiosin  is  temperature-sensitive 
in  an  alcoholic  solution.  If  th^  orange-red  prodigiosus  extract  produced  in 
70#  alcohol  is  boiled,  its  colo i  shifts  to  reddish-violet.  Cooling  causes  it 
to  return  to  the  original  color.  Thi3  reversible  process  may  be  repeated 
several  times.  Finally  the  solution  remains  reddish-violet.  Admixture  of 
distilled  water  without  boiling  resulted  in  the  same  phenomenon  of  color-trans¬ 
formation.  The  authors  attributed  this  action  to  the  water  content  of  the 
solvent,  which  determines  the  size  of  the  particles  and  thus  the  tint. 

III.  Test  methods. 

a)  Production  of  the  mineral  nutrient. 

.ill  tests  discussed  in  this  paper  utilized  a  mineral  nutrient 
solution,  the  composition  of  which  generally  resembles  the  nutrient  of  ..rthur 
Meyer  supplemented  with  the  addition  of  lithium  chloride,  as  many  investigations 
ascribe  a  favorable  influence  on  chromogenesis  to  the  latter. 

Arthur  Meyer's  nutrient  solution  contains  the  following:  1  g  KH2P0/f,  0.1  g 
CaCl2,  0.3  g  I'lgSO^  r  7  h20,  0.1  g  MaCl  per  liter.  To  these  salts  LiCl  is  added 
in  the  same  amount  as  magnesium  sulfate. 

The  primary  KH2PO4  in  this  form  is  not  suitable  for  the  maintenance  of  acid 
or  alkali  concentration,  even  when  diluted,  but  it  is  satisfactory  combined 
with  secondary  K2HPO4.  as  a  tilbasic,  weak  acid,  phosphoric  acid  in  conjunction 
with  strong  bases  can  act  as  buffer  and  is  able  to  regulate  the  K  ion  cor.centra— 
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'.ion,  i.e.  the  ratio  of  dissociated  and  undissociated  acids,  upon  dilution. 

For  this  reason  the  content  of  primary  phosphate  was  partly  replaced  by  secon¬ 
dary  phosphate.  In  this  manner  the  desired  pH  concentration  of  the  nutrient 
is  achieved  and  maintained. 

In  order  to  satisfy  the  osmotic  requirements,  the  nutrient  was  combined 
not  by  grams,  but  by  cram-moles  or  millimoles. 

According  to  these  aspects,  1,000  ccm  of  prepared,  usable  nutrient 
solution  contain  the  following  salts  in  grans: 

KH2PO4:  K2HPO4  in  changing  amounts  according  to  the  desired  pH  factor, 
corresponding  in  toto  to  1/100  mole  of  primary  potassium  phosphate: 


KH2PO4 . 1.362  g  equals  1/100  mole 

CaCl2 . 0.111  g  '•  1/1000  " 

HgS04 . 0.3606  g  "  3/1000  » 

IiaCl . .....0.11?  g  "  2/1000  " 

IiCl..... . 0.127  g  "  3/1000  " 


Upon  dilution  of  these  salts  in  distilled  water,  turbidness  ensues.  This 
is  due  to  the  insolubility  of  secondary  CaHPO^  being  formed  in  the  solution. 
Turbidness  intensifies  if  the  fraction  of  secondary  phosphate  must  bo  increased 
In  order  to  obtain  a  certain  pH  value.  The  amount  of  CaCl2  was  therefore  redu¬ 
ced  to  1/10,  so  that  only  0.011  g  CaCl2  is  used  per  1,000  ccm  of  solution. 
Growth  is  not  unfavorably  influenced  thereby,  as  shown  in  preliminary  tests. 


In  the  production  of  the  solution,  above  listed  salt  ratios  of  the  final 
nutrient  wore  derived  from  concentrated  standard  solutions  in  the  form  of 
normal,  solutions  of  the  salts,  in  order  not  to  reduce  the  final  salt  content 
by  addition  of  the  necessary  carbon  and  nitrogen  sources  and  the  adjustment  of 
the  planned  H  ion  concentration. 


For  the  production  of  100  ccm  of  neutral  nutrient  solution  the  following 
quantities  of  normal  salt  solutions  are  required: 

10  ccm  of  a  mixture  of  2  1/10:  1  1/10  NK2PHO4  and  KH2PO1  (about  2:1) 

3  ccm . .of  1/10  N  MgS04 

2  ccm . of  1/10  N  NaCl  . 

3  ccm . of  1/10  N  LLC1 

1  ccm. . of  1/100  N  CaCl 

19  ccm  total 

81  ccm  remain  for  other  additions. 


Adjustment  of  pH  concentration  in  synthetic  and  natural  media. 

General  adjustment  of  a  certain  pH  value  may  be  achieved  with  the  aiu  of 
the  phosphate  mixture.  Corresponding  ratios  of  the  mixture  were  obtained  by 
a.  Fodor's  method  (44)  .  For  neutral  media  this  ratio  amounts  to  2  parts 
secondary  and  1  part  primary  phosphate.  For  the  adjustment  of  the  different 
pH  values  in  a  test  series  for  the  study  of  the  effect  of  pH  values  as  such. 
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a  corresponding  amount  of  l/10-H-acid  and  alkali,  respectively,  was  used, 
fhe  necessary  quantity  for  gradual  increase  of  the  pH  value  was  determined 
with  sufficient  precision  with  the  aid  of  the  colorimetric  method  after 
llichaelis  (45)  for  colored  and  turbid  liquids. 

Production  of  nutrient  solutions  in  concentration  test3. 

In  concentration  tests  the  media  were  produced  somewhat  differently,  to 
the  extent  that  a  doubly  concentrated  standard  nutrient  solution  was  used  as 
a  starter.  This  made  a  twofold  number  of  ccm  available  for  addition  of  dis¬ 
solved  special  C  and  N  sources  without  alteration  of  the  final  saline  concen¬ 
tration. 

The  scheme  of  such  tests  was  tne  fo?J.ovdng: 

10  ccm  of  mineral  nutrient  solution  (doubly  concentrated)  /.number  of  ccm 
of  N  or  C  source  constant  /  x  ccm  N  or  C  source  variable  /  ccm  1/10  N-acid  or 
alkali  for  the  adjustment  of  desired  pH  value  /  ccm  distilled  water  for  filling 
to  20  ccm. 

Tests  covered  an  area  of  concentration  of  0.1-10p,  in  some  case's  0.1-Ijo. 
The  adjustment  of  such  a  concentration  series  proceeded  very  simply  according 
to  the  following  scheme: 

1.  One  2%  and  one  20#  solution  of  the  C  and  N  source,  respectively,  are 
prepared.  The  solution  becomes  O.ljo  and  lj»,  respectively,  upon  dilution  to 
the  twofold  amount. 

2.  The  constant  amount  of  the  C  or  N  source  is  dissolved  in  the  concent¬ 
rated  mineral  nutrient  solution.  The  adjustment  of  pH  is  not  necessary  here, 
since  the  entire  series  must  show  the  same  pH  value  which  does  not  change  in 
neutral  nutrients  and  well-buffered  nutrient  solutions. 

Individually,  the  scheme  is  the  following  with  a  constant  N  source  and  a 
variable  C  source: 

No.  1:  10  ccm  (doubly  concentrated  mineral  nutrient  solution  /  g  of  con¬ 

stant  N  source  (NH^Cl,  asparagine))  /  1  ccm  of  a  2%  solution  of  the  carbon 
source  (glycerol,  sugar)  /  9  ccm  distilled  H2O. 

No.  2:  10  ccm  (doubly  concentrated  mineral  nutrient  solution  /  g  of  con¬ 

stant  Ii  source  (NH4CI,  asparagine))  /  2  ccm  of  a  2 %  solution  of  the  carbon 
source  (glycerol,  sugar)  /  8  ccm  distilled  H2O  etc. 

Three  test  tubes  were  then  filled  with  exactly  6  ccm  nutrient  solution 
and  labeled  with  the  pertinent  number.  after  corresponding  sterilization  in 
the  autoclave  (3  x  20  minutes  on  three  consecutive  days)  and  standing  for  4 
days  to  test  sterility,  transplanting  could  be  started,  bach  concentration 
scries  of  0.1-10#  therefore  contained  60  test  tubes.  I By  three  times  conducted 
testing  a  result  was  achieved  Which  sufficiently  well  guaranteed  the  eliiaina— 
tion  of  chance. 
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Test  series  dealing  with  pH  concentration. 

In  tnese  test  series  the  mineral  nutrient  solution,  the  carbon  source 
and  the  nitrogen  source  remained  constant.  Only  the  pH  concentration  v.'as 
gradualxy  changed  by  0.2.  The  adjustment  of  these  values  was  done  by  addition 
of  a  corresponding  amount  of  1/10  N-acid  or  alkali.  Values  wore  adjusted 
colorimetrically.  after  threefold  sterilization  in  the  autoclave  the  constancy 
was  tested.  If  the  nutrient  solution  had  remained  sterile,  transplantation 
could  begin  after  four  days. 

b)  Method  of  transplantation. 

In  order  to  transfer  nearly  the  same  amount  of  bacteria  into  the 
individual  tubes  within  the.  comparative  series,  inoculation  took  place  from  the 
synthetic  nutrient  solution  proper  or  from  suspensions  of  a  certain  amount  of 
agar  culture  in  0.75/°  NaCl  solution  with  an  invariable  and  deeply  introduced 
platinum  wire  loop. 

c)  Determination  of  chromo gene sis. 

Tests  without  exact  measurement  of  pigment  may  be  hi^ily  misleading. 
Due  to  the  lack  of  color  of  B.  prodigiosus  proper,  poor  pigment  production 
may  be  simulated  during  vigorous  growth,  since  the  red  pigment  may  be  covered 
by  the  white  bacterial  mass,  and  the  culture  appears  a  pale  pink.  On  the  other 
hand,  the  pigment  may  come  into  greater  prominence  with  poor  growth  ana  may 
simulate  more  vigorous  pigmentation,  although  it  is  actually  scanty. 

a  gravimetric  neasurement  of  pigment  cannot  be  made  in  view  of  the 
relatively  small  yield  of  pigment.  One  is  limited  to  the  extraction  of  pigment 
from  equal  amounts  of  a  solvent  and  colorimetric,  comparative  determination  of 
increase  or  decrease  in  pigment, applied  to  the  strength  of  the  color.  If  the 
solution  showing  the  strongest  color  is  used  as  a  yardstick,  useful  values  can 
be  obtained  within  a  test  series.  The  extraction  of  the  pigment  of  B.  prodi- 
giosus  is  not  difficult  in  view  of  its  insolubility  in  water  and  solubility  in 
ether,  alcohol  etc.  The  various  liquid  cultures  of  a  test  series  are  simply 
extracted  in  the  separatory  funnel  with  a  solvent  immiscible  with  water  until 
colorless.  In  the  following  tests  ether  was  utilized  which  absorbs  pigment 
with  particular  rapidity  and  ease.  The  ethereal  solution  is  initially  blood- 
red,  but  loses  its  color  after  a  short  period  of  standing.  For  this  reason 
the  colorimetry  of  ether  solutions  offers  difficulties,  other  than  the  change 
in  concentration  and  rapid  evaporation  of  the  ether.  The  ether  solution  is 
therefore  evaporated  on  the  electric  water  bath  and  the  remaining  pigment  is 
absorbed  by  96%  alcohol.  The  quantity  of  alcohol  amounted  to  5  cem  for  each 
residue.  Upon  shaking  of  the  culture  liquid  with  ether,  emulsions  were  easily 
formed  which  could  be  avoided  by  a  surplus  of  ether.  The  separation  of  ether 
from  the  culture  liquid  was  promoted  by  centrifugation. 

d)  Determimtion  of  growth . 

The  counting  of  cells  appearing  after  a  certain  time  in  the  liquid 
culture  was  chosen  for  the  determination  of  growth.  Counting  was  carried  out 
by  means  of  Thoma's  counting  chamber. 
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r.ost  cultures  showeo  strong  formation  of  zoogloea  after  8—14  days,  which 
i>uut  be  dispersed  by  shaking  prior  to  the  count.  From  the  vigorously  shaken 
culture  a  uniform  quantity  of  suspension  was  withdrawn  by  means  of  an  invariably 
identical  platinum  wire  loop,  transferred  to  the  counting  chamber  and  usually 
diluted  with  one  drop  (for  dense  bacterial  aggregates  with  two  drops)  of  diluted 
methylene  blue  solution  (1  ccm  concentrated  methylene  blue  solution  /  9  ccm 
distilled  HoO).  The  mixing  of  the  drop  of  culture  with  methylene  blue  must  be 
accomplished  rapidly  by  delicate  rubbing  with  the  loop  on  the  counting  surface, 
in  order  to  minimize  evaporation.  In  order  to  achieve  rapid  staining  and  in¬ 
activation  of  the  motile  bacteria,  the  methylene  blue  solution  contains  a  few 
drops  of  formol.  Counting  was  done  with  eyepiece  3  and  lens  S  (Zeiss).  From 
the  400  available  counting  areas,  60  were  counted,  with  particular  attention 
to  border  squares  and  diagonal  fields.  The  arithmetic  medium  was  established 
from  the  total  of  obtained  figures  and  the  average  number  for  the  field  was  thus 
determined. 

e)  Determination  of  the  final  pH  value. 

The  determination  of  the  final  pH  value,  i.e.  the  hydrogen  ion  concent¬ 
ration  at  the  end  of  the  test  culture  was  conducted  coloriuetrically  after 
Ilichaelis.  It  was  established  in  these  tests  that  the  pH  values  are  not  changed 
by  an  extraction  of  the  cultures  with  neutral  sulfuric  ether. 

IV.  Korphological  and  biological  properties  of  the  utilized  prodigiosus 
culture. 

The  culture  of  B.  prodigiosus  utilized  in  the  tests  came  from  the 
collection  of  the  Hygienic  Institute  of  Graz  University.  It  was  sent  on  a 
gelatinous  plate. 

The  utilized  nutrient  gel  had  the  following  composition: 

peptone  1#  dextrose  Ho  NaCl  1C$  gelatin 

Neutralization  (indicator  phenolphthalein)  -  albumen  clarification. 

pH  equals  7*6  after  colorimetric  determination. 

Within  24  hours  at  20°C,  delicate  and  colorless  colonies  develop  on  the 
plates,  of  which  the  superficial  ones  are  surrounded  by  a  narrow  circle  of 
liquefaction,  after  43  hours  the  surface  colonies  have  increased  to  1  mm  in 
diameter.  Thqy  lie  in  deep,  dish-like  funnels  of  liquefaction.  Their  micro¬ 
scopic  and  macroscopic  habits  agree  precisely  with  the  description  in  Lehmann 
and  Neumann's  Bacteriology  (l.c.). 

a  hanging  drop  prepared  from  the  gelatinous  colonies  shows  briskly  motile, 
short  and  plump  rods,  a  smear  preparation  of  a  43-hour  culture  stained  with 
methylene  blue  or  diluted  fuchsin  solution  contains  only  uniformly  and  intensely 
stained  rod  forms.  The  cells  are  gram  negative. 

Chromogenesis  appears  in  the  cultures  after  about  43  hours  at  20°C.  .»t 

this  time  the  deposit  is  colored  a  pale  pink. 

Gelatin  stab  cultures  were  started  on  various  acid,  neutral  and  alkaline 
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nutrient  gels  of  above— stated  composition.  In  order  to  achieve  as  nearly  an 
equal  inoculation  of  the  individual  tubes  as  possible,  the  inoculation  was 
accomplished  with  a  platinum  needle  which  was  uipped  to  a  uniform  depth  into 
the  evenly  stirred  bacterial  suspension.  Table  1  contains  the  results. 


Tab.l.  Growth  of  3.  prodipjosus  in  gelatin  stab  cultures. 


Days 
at  20°C 

r,  *  ■  v  *  ■  ■r.'u,  ta 

growth 

manifestations 

pH  5.4 

pH  6.2 

li.  CD  • 

pH  7.0 

•a 

• 

O' 

pH  8.4 

3 

liquefaction 

weak 

funnel 

3  mm 

funnel 

5  mm 

funnel 

3  ram 

funnel 

3  mm 

pigmentation 

— 

weak 

pink 

gasification 

— 

— 

scanty 

strong 

strong 

6 

liquefaction 

funnel 

2  ram 

funnel 

10  mm 

entire 

width 

entire 

width 

funnel 

10  mm 

pigmentation 

weak 

pink 

good 

good 

good 

gasification 

— 

— 

scanty 

strong 

strong 

8 

liquefaction 

funnel 

4  mm 

entire 

width 

complete 

entire 

width 

entire 

width 

pigmentation 

good 

very  good 

very  good 

good 

weak 

gasification 

— 

— 

scanty 

strong 

strong 

.  12 

liquefaction 

enti re 
width 

entire 

width 

complete 

entire 

width 

entire 

width 

pigmentation 

very  good 

very  good 

very  good  good 

weak 

gasification 

scanty 

strong 

strong 

agar  streak  cultures  with  reactions  corresponding  to  pH  values  5,6,7  and 
8.2  at  growth  temperatures  of  20°,  28°  and  37°C  show  the  behavior  compiled  in 
table  2  with  respect  to  growth  and  pigment  production. 


The  utilized  nutrient  agar  had  the  following  composition: 


Heat  broth  (1  kg  horse  meat  /  2  1  water) . 1000 

peptone  sicc . 10  glycerol . . 20 

sodium  chloride . 5  agar . 20 

The  following  nutrient  served  in  the  preparation  of  agar  streak  cultures: 


Meat  broth  (1  kg  horse  mea 


peptone  sicc . 10 

dextrose . 5 


/  2  1  water) . . . 1000 

glycerol . i . 30 

sodium  chloride . 5 


The  reaction  corresponded  to  pH  7.5  by  colorimetric  determination. 
Cultivation  took  place  at  28°C.  In  the  first  24  hours  a  weak  growth  was  seen 
along  the  entire  inoculating  stab,  which  rapidly  increased  at  the  surface. 
Initially  white  deposits  around  the  stab  turned  more  intensely  pink  from  the 
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second  day  of  growth,  .-\fter  3  days  the  nutrient  is  permeated  with  gas  bubbles. 

For  comparison  of  growth  manifestations  of  the  utilized  strain  of  3. 
prodigiosus,  broth  cultures  were  prepared  and  maintained  at  20°C.  The  nutrient 
broth  had  the  following  components: 

Horse  meat  broth . 1000  Dextrose . O 

peptone  sicc . .......10  sodium  chloride . 5 

Reaction  weakly  alkaline,  corresponding  to  pH  7.4. 

In  the  first  24  hours  a  slight  turbidness  appeared,  which  increased  in 
the  following  days  and  after  10  days  settled  in  part  to  the  bottom.  ..fter  5 
day3  the  first  traces  of  redness  appeared  on  the  surface;  later  the  precipitated 
flakes  were  stained  red.  In  older  cultures,  formation  of  zoogloea  was  particu¬ 
larly  noticeable. 

Cultivation  tests  of  B.  prodigiosus  in  the  Buchner  tube  closed  with  a 
rubber  stopper  led  to  the  assumption  that  some  growth  also  occurs  under  strong¬ 
ly  reduced  oxygen  pressure,  but  that  chronogenesis  fails  to  take  place  under 
these  conditions. 

V.  Pigment  production  upon  cultivation  with  a  constant  H  source  and  a 
variable  carbon  source. 

Concerning  these  tests  it  should  be  noted  that  a  number  of  preliminary 
tests  of  the  effect  of  various  carbon  sources  were  conducted,  in  order  to  gain 
a  certain  perspective  on  the  influence  on  chromo genesis  of  commonly  used 
carbohydrates,  such  a3  starch,  dextrine,  cane  sugar,  lactose,  maltose,  galac¬ 
tose,  dextrose  and  levulose,  and  the  polyvalent  alcohols  mannite  and  glycerol. 
Subsequently  dextrose  was  singled  out  as  simple  sugar  and  trivalcnt  glycerol 
as  lower  alcohol,  and  these  two  carbon  sources  in  conjunction  with  asparagine 
and  ammonium  chloride  as  constant  nitrogen  sources  were  subjected  to  calibrated 
test  series.  In  all  series  the  concentrated  mineral  nutrient  solution  des¬ 
cribed  in  the  foregoing  chapter  served  as  a  basis  for  the  test  medium;  the 
addition  of  carbohydrates  >.  .*  alcohols  and  the  uniform  adjustment  of  the  pi. 
value  proceeded  according  te  the  method  already  discussed,  a  two -day  agar 
culture  grown  at  28°C,  from  the  surface  film  of  which  a  suspension  was  pre¬ 
pared,  served  as  starting  material  for  all  inoculations.  The  tests  usually 
lasted  14  days. 

In  the  following,  the  test  series  will  be  discussed  briefly. 

Test  series  1. 

This  was  conducted  with  a  quantity  of  0.55®  asparagine  as  special  nitrogen 
source  and  with  1.55®  of  various  carbohydrates  and  alcohols  in  the  mineral  so¬ 
lution  with  add  and  alkaline  reactions.  The  amounts  of  pigment  formir.0  in  the 
culture  tubes  after  varying  lengths  of  time  were  estimated  comparatively. 
Quantities  of  pigment  developing  after  14  days  of  cultivation  were  measures, 
after  extraction  from  the  culture,  with  Duboscq's  micro-colorimeter  in  the 
ttmer  described  in  the  preceding  chapter. 
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Tab. 3*  Influence  of  C  sources  (/  asparagine)  and  reaction  on  the  chrocogenesis 
_ of  B.  prodifdosus. _ 

C-source  pH  6.6  pH  7-5 

1*5<»  growth  in  days  growth  in  days 

_ ^  7  ?  14  3  7  C-  14 


starch  (soluble) 

/ 

r 

u 

// 

dextrine 

// 

u 
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cane  sugar 

/ 
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/ 
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/ 
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/ 
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/r 

m 

m 
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/ 
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/ 

t 

levulocc 

- 
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/ 

manriite 

glycerol 

it 
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// 
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/ 
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// 
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-/// 
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Table  3  reveals  that  pigment  formation  is  somewhat  retarded  by  an  acid 
reaction,  but  that  hardly  any  difference  in  chrouo genesis  is  caused  by  the 
reaction  after  14  days.  It  is  evident  further  that,  next  to  starch  arid 
dextrine,  galactose  and  glycerol  may  be  considered  particularly  favorable 
sources  of  carbon. 

If  the  colorimetric  results  are  expressed  in  percent  of  pigment  quantity 
of  the  most  strongly  colored  culture,  the  following  values  are  obtained  at  the 
end  of  14  days  of  testing,  utilizing  pH  6.6  and  7-5  as  starting  reactions: 


C-source 

Initial 

pH  6.6  pH  7.5 

of  ci 

C-source 

Initial 

pH  6.6  pH  7.5 

if*  lf 

JO  JO 

I.  starch 

35.0 

32.5 

VI.  dextrose 

8.8 

12.5 

II.  dextrine 

47.5 

37.5 

VII.  levulose 

87.5 

100.0 

III.  saccharose 

12.5 

9.0 

VIII.  galactose 

62.5 

62.5 

IV.  lactose 

42.5 

10.0 

lit.  mannite 

20.0 

27.5 

V.  maltose 

100.0 

67.5 

X.  glycerol 

62.5 

60.0 

At  first  glance,  disagreement  with  pigment  estimation  is  noted  in  this 
test  series.  It  is,  as  has  been  explained  previously,  due  to  the  fact  that 
the  amount  of  pigment  appears  hidden  in  the  presence  of  vigorous  growth,  and 
no  direct  relationship  exists  between  the  speed  of  multiplication  and  the 
quantity  of  pigment  formed. 

Percentages  of  pigmentation  may  also  be  interpreted  to  mean  that  the 
initial  reaction  of  the  medium  between  pH  6.6  and  7*5  has  no  significance  or 
little  significance  for  the  promoting  or  inhibiting  effect  of  certain  C  sources 
such  as  starch,  dextrine,  saccharose,  dextrose,  galactose,  mannite  and  glycerol, 
wtiile  the  effect  of  the  reaction  is  quite  great  for  lactose,  maltose  and  levu- 
lose. 
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Test  series  2. 


.jince  asparagine  is  a  carbonaceous  source  of  nitrogen,  it  was  interesting 
to  resort  to  a  carbon-free  compound  as  nitrogen  source  for  the  testing  of  the 
effect  on  chromogenesis  of  various  carbon  sources,  .ucmonium  chloride°oroved 
useful  for  this  purpose  in  quantities  of  0.5%.  However,  B.  prodigiosus  does 
not  grow  too  well  in  the  presence  of  this  inorganic  nitrogen  source,  which  is 
the  reason  why  chromogenesis,  if  such  occurs  at  all,  can  be  tolerably  estimated 
and  measured  only  from  the  fourth  day  of  cultivation  on. 


The  preparation  of  the  nutrient  for  this  test  series  conformed  to  the 
first,  deactive  conditions  were  changed  only  to  the  extent  that  pH  5.4,  7  and 
7.4  were  chosen  as  initial  reactions  of  the  medium.  Inoculation  and  cultiva¬ 
tion  were  conducted  under  conditions  identical  with  the  first  series. 


Tab. 4*  Influence  of  C  sources  (/  NH^Cl)  and  reaction  on  the  chromogenesis  of 


B.  prodi/aosus. 

C-source 

1.5$ 

Initial  pH  5.4 
Growth  in  days 

4  8  14 

Initial  pH  7.0 
Growth  in  days 

4  8  14 

Initial  pH  7.4 
Growth  in  days 

4  8  14 

starch 

/ 

/ 

/ 

/ 

/ 

/ 

_ 

/ 

// 

dextrin 

- 
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/ 

- 

/ 

/ 

— 

/ 

saccharose 

- 

- 
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/ 

/ 

/ 

— 
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/ 

lactose 

- 
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/ 
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/ 

_ 

maltose 

- 

- 

/ 

7 

/ 

/ 
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r 

galactose 
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- 

- 
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r 
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/■ 

/. 

/ 

/ 

dextrose 

trace 
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/ 

t 

r 

/ 

/ 

/ 

/ 

r 

/ 

levulose 

_ 
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- 

/ 

/ 

mannite 

- 

- 

- 

7 

/ 

/ 

7 

/ 

r 

/ 

glycerol 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

r 

/ 

Table  4  shows  that,  generally  speaking,  pigment  production  is  much  lower 
than  with  asparagine  as  nitrogen  source.  Growth  also  is  scanty.  It  is 
clearly  shown,  moreover,  that  the  acid  initial  reaction  hinders  pigmentation 
most  during  the  first  four  days;  the  alkaline  reaction  less  so.  a  neutral 
reaction  of  the  medium  seems  best.  Later  the  effects  of  originally  neutral  and 
alkaline  reactions  nearly  balance  out,  wtiile  hindrance  by  the  acid  starting 
reaction  persists. 

If  the  amounts  of  pigment  produced  after  14  days  of  cultivation  arc  de¬ 
termined  coloriraetrically  and  again  are  applied  percentually  to  the  maximum  of 
pigment  obtained  (100$) ,  values  compiled  in  table  5  result. 
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Table  5 


Carbon  source 

pH  5.4 
/■> 

pi;  7.0 

W 

pH  7.4 

I.  starch 

5.0 

12.5 

100. 0 

II.  dextrin 

9.0 

13.7 

12.5 

III.  saccharose 

0.0 

4.0 

4.0 

IV.  lactose 

25.0 

IS.  7 

3.8 

V.  maltose 

9.0 

30.0 

30.0 

- 

VI.  galactose 

0.0 

5.0 

10.0 

VII.  dextrose 

2.5 

4.0 

3.8 

VIII.  levulose 

0.0 

5.0 

3.8 

IX.  nannite 

0.0 

15.0 

3.3 

X.  glycerol 

7.5 

30.0 

35  .0 

The  important  result  of  the  first  two  test  series  is  the  conclusion  that 
different  carbon  sources  as  well  a3  variable  nitrogen  sources  are  sitjiificunt 
for  chromogenesis  at  particular  pH  values.  The  question  presented  itself,  to 
which  extent  pigment  production  is  influenced  by  the  concentration  of  the 
utilized  carbon  source  with  a  particular  reaction  of  the  nutrient  solution,  in 
the  presence  of  a  constant  carbon-free  and  carbonaceous  source  of  nitrogen,  and 
what  kind  of  changes  the  adjusted  initial  hydrogen  ion  concentration  reveals 
after  the  termination  of  the  test,  at  the  same  time  the  size  of  cell  multipli¬ 
cation  and  the  relationship  between  chromogenesis  and  growth  and  multi  plication, 
respectively,  was  investigated.  All  results  compiled  are  the  mean  of  three 
identical  parallel  tests.  The  method  of  pigment  evaluation  by  means  of  colori¬ 
metry  was  retained,  likewise  the  technique  of  serial  dilution  of  the  nutrient 
solution,  an  attempt  has  been  made  to  express  the  extent  of  multiplication 
numerically  by  fixing  the  average  number  of  bacteria  in  all  counted  squares 
for  each  tested  tube  as  the  size  of  increase. 

Test  series  3. 

The  mineral  nutrient  solution  mentioned  at  the  beginning  contained,  be¬ 
side  the  described  salts,  0.535/*  ammonium  chloride  as  N  source  and  glycerol  in 
ascending  quantities  from  0.1  to  10/o  as  C  source.  The  initial  reaction  of  the 
nutrient  solution  corresponded  to  pH  6.8.  Cultivation  took  place  at  2S°C. 

»n  attempt  was  made  to  transplant  an  identical  amount  of  B.  prodigiosus  from 
the  suspension  of  a  48-hour  agar  culture  to  the  individual  tubes  by  means  of  a 
platinum  needle  which  was  invariably  submerged  to  the  same  depth.  The  result 
of  this  test  series  after  14  days  is  compiled  in  table  6,  in  which  the  pigment 
values  signify  percent  of  the  deepest  color  obtained,  and  values  of  multipli¬ 
cation  refer  to  the  average  number  of  bacteria  applied  to  1  field. 

The  peculiar  and  seemingly  unmotivated  jumps  at  0.4,  G.7-0.9  ana  at  2 
glycerol  are  conspicuous.  VJe  should  be  dealing  primarily  with  errors  in  in¬ 
oculation,  Still,  the  contradiction  between  reproduction  and  chromo genesis 
at  2  and  between  3  and  6%  cannot  be  explained  adequately. 
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Tab. 6.  Pigment  production  and  cell  multiplication  at  different  glycerol  co 
_ cent  rations  (/  NH>  C1). _ _  °  J 


cent  rations  ^ 

Glycerol 

i/ 

/» 

Pigment 

% 

i&ctent  of 
multiplication 

/ 

Glycerol 

o' 

r> 

Pigment 

iictent  of 
multi plicatior 

0.1 

2.5 

14 

/ 

2.0 

20.0 

13-0 

0.2 

2.5 

12 

3.0 

100.0 

15.0 

0.3 

12.5 

10 

4.0 

100.0 

11.5 

0.4 

2.5 

8 

5.0 

27.5 

11.0 

0.5 

27.5 

12 

6.0 

22.5 

19.0 

0.6 

17.5 

7 

7.0 

15.0 

19.0 

0.7 

2.5 

6.5 

8.0 

7.5 

13.0 

0.8 

2.5 

7.0 

9.0 

2.0 

2.5 

0.9 

2.5 

3.0 

10.0 

0.0 

2.0 

1.0 

35.0 

10.0 

Ijb  is  certain  that,  firstly,  optimal  pigment  production  took  place  at  a 
glycerol  content  of  3-4°  and  best  growth  at  6-7^  glycerol  in  the  presence  of 
ammonium  chloride  as  nitrogen  source  and  a  pH  value  of  6.8,  and,  secondly, 
that  under  the  given  conditions  the  optima  of  multiplication  and  pigmentation 
do  not  coincide. 


Test  series  4. 

In  this  series  the  ammonium  chloride  of  series  3  was  replaced  by  aspara¬ 
gine  in  the  amount  of  0.659  g  to  100  ccm  of  nutrient  solution,  while  all  other 
conditions  remained  the  same.  Table  7  contains  test  results. 


Tab. 7.  Chromogene3is  and  cell  multiplication  at  different  glycerol  concentra- 
_ tions  (/  asparagine) . _ * _ 


Glycerol 

% 

Pigment 

% 

lixtent  of  . 
multiplication  ' 

Glycerol 

C* 

pigment 

c r 

Extent  of 
multiplication 

0.1 

12.5 

14  ’  / 

2.0 

7.5 

52 

0.2 

25.0 

20 

3.0 

7.5 

16  . 

0.3 

100.0 

20. 

4.0 

7.5 

70 

0.4 

2.5 

14 

5.0 

10.0 

45 

0.5 

2.5 

14 

6.0 

12.0 

32 

0.6 

75.0 

74 

7.0 

2.5 

16 

0.7 

50.0 

12 

8.0 

2.5 

8 

0.8 

95.0 

68 

9.0 

2.5 

8 

0.9 

55.0 

56 

10.0 

2.5 

8 

1.0 

10.0 

58 

It  is  evident  that  in  the  presence  of  asparagine  as  N  source  maximal 
pigaent  production  (contrary  to  the  findings  regarding  ammonium  chloride) 
occurs  in  the  area  of  lower  glycerol  contentrations  and  that  amounts  of  over 
l£  already  exert  a  strong  inhibiting  influence. 
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1. 


shown,  moreover,  with  complete  clarity  that  no  constant  relation¬ 
ship  e.dsts  between  growth  and  pigmentation.  It  is  precisely  at  maxioul 
chromogenesis  (0.3%  glycerol)  that  the  number  of  bacteria  is  very  small,  while 
in  other  cases  it  almost  appears  as  if  the  optima  of  growth  and  oigmentation 
coincided.  One  could  hardly  go  wrong  in  the  assumption  that  the* reproduction 
of  3.  prodigiosus  is  good  at  0.6  to  about  U%  glycerol  in  the  prcscnco  of  as¬ 
paragine  and  that  it  rapidly  falls  off  at  lower  or  higher  glycerol  concentra¬ 
tions. 

Test  series  5. 


This  test  series  was  conducted  with  increasing  amounts  of  dextrose  with 
a  constantly  maintained  content  of  asparagine  as  nitrogen  source  in  the  mineral 
nutrient  solution.  Other  conditions  were  identical  to  those  of  test  series  4* 
already  after  5  days  all  tubes  showed  good  growth  with  average  pigmentation, 
which  later  increased.  The  test  was  terminated  after  14  days  and  the  growth 
factor,  percentual  amount  of  pigmentation  and  the  final  pH  value  were  deter¬ 
mined.  Table  8  lists  the  results  obtained.  It  shows  the  dependency  of 
chromogencsis  on  growth;  both  functions  have  their  maximum  at  0. 5>i  dextrose 
content  in  the  presence  of  asparagine  as  nitrogen  source  and  an  initial  pH 
factor  of  6.8.  If  the  initial  pH  values  are  compared  with  those  of  the  14-day 
old  culture,  an  increase  in  alkaline  reaction  up  to  a  content  of  0.3%  dextrose 
is  evident,  while  starting  at  about  0 . 6-0 . 7%  dextrose  and  upwards  the  reaction 
becomes  acid.  In  the  tubes  with  0.4-0.6/a  dextrose  the  initial  reaction  of  pH 
6.8  is  approximately  retained.  In  the  acid  as  well  as  the  alkaline  areas, 
growth  and  especially  pigment  production  is  unfavorably  affected.  Eeiow  0.3%> 
dextrose  does  not  seem  to  be  utilized,  which  is  the  reason  for  the  alkaline 
reaction  occurring  at  the  expense  of  asparagine  cleavage  products.  Conversely, 
a  dextrose  content  above  0.7 %  causes  a  rapid  utilization  of  this  sugar,  whose 
acid  decomposition  oroducts  outweigh  the  alkaline  products  of  asparagine,  -at 
dextrose  levels  of  ^  the  reaction  products  of  carbon  and  nitrogen  sources 
seemed  to  form  neutral  compounds.  Under  these  conditions  the  best  growth  and 
optimal  pigmentation  take  place. 


Tab. 8.  Chromogenesis  and  cell  reproduction  at  various  dextrose  concentrations 
(/  asparagine) _  • _ 


Dextrose 

% 

Kultipli cat ion 
factor 

pigment 

% 

Initial 

pH 

Final 

pH 

0.1 

9.0 

5.0 

6.8 

7.S 

0.2 

7.0 

2.5 

6.8 

8.2 

0.3 

15.0 

18.0 

6.8 

7.5 

0.4 

12.5 

52.0 

6.8 

7-0 

0.5 

16.0 

100.0 

6.8 

7.0 

0.6 

12.0 

30.0 

6.3 

6.9 

0.7 

18.0 

30.0 

6.8 

6.9 

0.8 

10.0 

64.0 

6.8 

6.8 

0.9 

11.0 

36.0 

6.8 

o.8 

1.0 

6.0 

2.0 

6.8 

6.2 

i 

I 


I 

I 

I 

i 

i 

I 

i 

i 


o 
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VI.  Pigment  production  and  growth  with  constant  C  and  variable  N  sourScs. 


Tne  following  test  series  were  conducted  in  order  to  determine  how 
carbonaceous  nitrogen  sources  act  on  growth  and  pigment  production  without 
addition  of  a  special  usable  carbon  source,  and  what  significance  can  be  as¬ 
cribed  to  the  concentration  of  glycerol  and  dextrose  in  the  presence  of  a 
constant,  simpler  nitrogen  source. 

Test  series  1. 

The  following  combined,  i.e.  carbonaceous  nitrogen  sources  wore  chosen 
for  the  determination  of  the  influence  of  various  organic  nitrogen  compounds 
on  pigment  formation  and  reproduction:  Peptone,  nucleic  acid  of  yeast*,  alanine, 
glycocoll,  asparagine,  sodium  of  aspartic  acid,  uric  acid,  urea  and  the  am¬ 
monium  salts  of  tartaric  acid,  malic  acid,  lactic  acid  and  citric  acid.  The 
basis  for  the  nutrients  was  again  furnished  by  the  mineral  nutrient  coluii  n 
to  which  3/42  of  each  of  the  above  nitrogen  compounds  (with  the  exception  o* 
uric  acid)  were  added,  evenly  diluted.  Due  to  its  poor  solubility,  uric  aciu 
was  utilized  in  concentrated  solution.  The  initial  reaction  of  the  medium  was 
nearly  neutral,  corresponding  to  pK  6.8,  achieved  by  admixture  of  diluted 
hydrochloric  acid  or  soda  lye.  The  test  lasted  8  days  at  28°C,  with  an  inter¬ 
polated  observation  after  a  growth  of  3  days.  Table  9  reflects  the  results 
obtai  ned . 

Tab. 9.  Pigmentation  and  cell  multiplication  in  the  presence  of  carbonaceous 


nitrogen  sources. 

N-source 

Duration  of  growth 

0.752 

3  days 

8  days 

peptone 

pigmentation 

pale  red 

multiplication  weakly  turbid 

very  good 

nucleic  acid  of  yeast 

pigmentation 

- 

multiplication  - 

- 

alanine 

pigmentation 

trace  of  pink 

multiplication  - 

weakly  turbid 

glycocoll 

pigmentation  - 

- 

multiplication  - 

- 

asparagine 

pigmentation  weakly  colored 

weak 

multiplication  weakly  turbid 

turbid 

sodium  of  aspartic  acid 

pigmentation  good  pink  color 

good 

multiplication  good 

moderate 

uric  acid 

pigmentation  - 

weak 

multiplication  - 

weakly  turbid 

urea 

pigmentation 

- 

multiplication  - 

- 

ammonium  of  tartaric  add 

pigmentation 

- 

multiplication  - 

- 

ammonium  of  malic  acid 

pigmentation 

- 

multiplication  strongly  turbid 

strongly  turbid 

ammonium  of  lactic  add 

pigmentation  weakly  pink 

good 

multiplication  good 

very  good 

ammonium  of  dtric  add 

pigmentation 

trace  of  pink 

multiplication  good 

strongly  turbid 
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iable  9  shows  that,  while  generally  speaking,  the  cultivation  of  B.  pro- 
different  nitrogen  sources  without  addition  of  a  special  carbon 
source  results  in  very  good  growth,  pigment  production  is  insignificant, 
ihus  the  peptone  nutrient  solution  offers  a  very  good  medium  for  reproduction, 
but  does  not  promote  chromo genesis.  On  the  other  hand,  sodium  of  aspartic  acid 
furthers  pigment  production,  without,  however,  favorably  influencing  growth. 

The  tabulation  also  shows  that  relatively  few  nitrogen  sources  promote  pigment 
formation  an  the  absence  of  a  special  carbonaceous  nutrient. 

Test  series  2. 

In  opposition  to  test.  1,  this  series  utilized  dextrose  in  a  concentration 
of  0 . 5/j  as  carbon  source  and  the  number  of  nitrogen  sources  was  expanded  to 
include  the  carbon-frer  nitrogen  compounds  potassium  nitrate  and  ammonium 
chloride  in  amounts  of  0.?5£.  Other  conditions  of  cultivation  and  nutrition 
remained  the  same. 


Tab. 10.  Chroraogenesis  and  cell  multiplication  in  the  presence  of  various  K 
_ sources  (/  dextrose). _ _ 


N-source 

0.75/i 

Juration  of  growth 

3  days 

3  days 

peptone 

pigmentation 

— 

weak 

multiplication 

strong 

strong 

nucleic  acid  of  yeast 

pigmentation 

- 

- 

multiplication 

weakly  turbid 

weakly  turbid 

alanine 

pigmentation 

- 

- 

multiplication 

- 

weakly  turbid 

glycocoll 

pigmentation 

- 

- 

multi plication 

- 

- 

asparagine 

pigmentation 

good 

very  good 

multiplication 

strong 

strong 

uric  acid 

pigmentation 

trace  of  red 

weak 

multi pli cati on 

weakly  turbid 

weakly  turbid 

NK.C1 

pigmentation 

- 

- 

multiplication 

weakly  turbid 

weakly  turbid 

.iNOo 

pigmentation 

- 

- 

multiplication 

weakly  turbid 

weakly  turbid 

Table  10  shows  that  in  some  cases  the  addition  of  dextrose  results  in 
weak  growth  which  is  absent  when  only  a  combined  nitrogen  source  is  used. 
Dextrose  also  furthers  growth  generally  and  in  the  case  of  asparagine,  also 
promotes  pigment  formation. 

Tne  extent  tc  veiich  dextrose  (0.5/>>)  and.  glycerol  (1.5/i),  in  conjunction 
with  ar.  oniua  compounds,  are  able  to  influence  growth  and  pigmentation,  is 

shown  by 

Tc3t  series  3» 

* 

i-ere  the  standard  mineral  nutrient  solution  was  mixed  with  the  recorded 
quantities  of  dextrose  or  glycerol  and  added  to  0.75/»  of  the  organic  ammonium 
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salts  as  combined  nitrogen  source.  The  initial  reaction  amounted  to  pH  6.8. 

Inc  growth  temperature  was  28°C.  Growth  and  chromogenesis  were  estimated 
after  5  and  10  days. 

The  test  series  tabulated  in  table  11  again  reveals  that  ani.oniuia  of 
lactic  acid  is  best  suited  for  cultivation  and  pigment  production  of  Bacillus 
prodigiosus,  especially  with  glycerol  as  carbon  source.  It  is  shown  further 
that  in  the  presence  of  less  easily  assimilated  nitrogen  sources,  such  as 
a:.monium  of  tartaric  acid,  malic  acid  and  citric  acid,  some  success  is  achieved 
with  glycerol  as  C  source,  while  dextrose  shows  varying  degrees  of  failure. 

Test  series  4. 

This  series  was  designed  to  determine  the  influence  on  growth  and  pigmenta¬ 
tion  of  various  concentrations  of  ammonium  chloride  as  inorganic  nitrogen 
source  and  of  1.5/»  glycerol  as  constant  C  source.  The  overall  test  conditions 
v/ere  identical  to  those  of  earlier  series.  Initial  and  final  pH  values  were 
established;  the  test  duration  was  held  to  14  days.  The  starting  reaction  in 
all  tubes  corresponded  to  pH  6.8,  i.e.  it  was  only  slightly  acid. 


Tab. 12.  Pigment  formation  and  cell  growth  in  the  presence  of  various  concentra- 
tions  of  Mi/, Cl  /  1.5#  glycerol.  _ _ _ 


HHgCl 

factor  of 
multiplication 

pigment  final  . 
%  pH  / 

nh4ci 

factor  of 
multiplication 

pigrent 

final 

pH 

0.1 

8.0 

47.5 

5.6 

0.7 

3-0 

2.5 

5.4 

0.2 

8.0 

100.0 

5.4 

0.8 

3.0 

2.5 

5.5 

0.3 

7.0 

100.0 

5.4 

0.9 

2.0 

2.5 

5.6 

0.4 

6.0 

30.0 

5.4 

1.0 

1.0 

5.0 

5.7 

0.5 

5.0 

7.5 

5.5 

2.0 

2.0 

1.0 

5.6 

0.6 

6.0 

50.0  - 

5.5 

3.0 

1.0 

0.5 

5.6 

Table  12  shows  that  ammonium  chloride  is  tolerated  on  ]y  in  higher  dilutions 
in  the  presence  of  glycerol,  since  the  optima  of  growth  and  oigmentation  occur 
at  an  ammonium  chloride  concentration  of  G.2-0.3£.  The  final  pH  values  are  all 
found  in  the  acid  area  and  show,  as  could  be  expected,  slightly  more  acidity 
at  optimal  growth  than  at  poor  growth,  as  revealed  by  the  last  column  in  table 
12,  where  the  final  pH  values  are  listed  according  to  starting  concentrations 
of  ammonium  chloride. 


Test  series  5. 

In  comparison  to  others,  this  test  series  only  shows  a  different  nitrogen 
source;  asparagine  was  used  in  place  of  ammonium  chloride,  .ill  other  conditions 
were  the  same. 


Tab. 13.  Pigmentation  and  cell  multiplication  in  the  presence  of  various 
concentrations  of  • 

Asparagine  Factor  of.  pigment  Final  Asparagine  Factor  of  pigment  Final" 
/»  multiplication  jt  pH  / _ ia _ multiplication  ‘j  pH 


0.1 

14 

12.5 

5.8 

0.2 

7 

7.5 

5.7 

0.3 

25 

62.5 

6.6 

C  .4 

10 

2.5 

6.0 

0.5 

6 

2.5 

6.1 

0.6 

3 

5.0 

6.2 

0.7 

4 

2.5 

5-9 

0.8 

15 

2.5 

v  6.7 

0.9 

20 

60.0 

6.8 

1.0 

17 

35.0 

6.6 

2.0 

8 

100.0 

6.6 

3.0 

2 

5.0 

6.3 

The  jump  at  0.3$  asparagine  must  be  attributed  to  an  error  in  inoculation, 
since  all  values  increase  in  unison.  Optimal  pigment  formation  lies  at  a  con¬ 
centration  of  around  2 $  asparagine,  while  optimal  growth  requires,  a  slightly 
lower  quantity.  In  the  presence  of  ammonia-yielding  asparagine  as  N  source, 
the  highest  pH  values  also  correspond  to  maximal  growth,  which  demonstrates 
that  good  reproduction  does  not  shift  the  reaction  to  a  more  acid  area,  but 
maintains  the  solution  in  a  nearly  even,  buffered  state. 


VII.  Influence  of  the  initial  reaction  of  the  medium  on  growth  and 
chromogenesis. 


It  has  long  been  known  that  the  initial  reaction  of  the  medium 
affects  pigmentation  and  reproduction  of  B.  prodigiosus.  The  inhibiting  effect 
of  strongly  acid  or  alkaline  media  has  been  familiar  for  some  time,  and  in¬ 
vestigators  knew  that  a  weakly  acid  reaction  is  favorable  to  pigment  production, 
while  multiplication  is  best  on  slightly  alkaline  nutrients.  Thus  cultures  of 
B.  prodigiosus  on  slightly  acid  nutrient  agar  show  a  deep,  dark  red  pigment 
with  a  metallic  sheen,  while  cultures  on  weakly  alkaline  agar,  although  with 
excellent  growth,  only  produce  a  pale  red  pigment.  The  following  tests  were 
designed  to  uncover  the  influence  of  initial  pH  values  on  the  growth  and  pig¬ 
ment  formation  of  B.  prodigiosus  in  media  of  known  composition.  nutrient 
solutions  with  asparagine  or  ammonium  chloride  as  nitrogen  sources  and  3$ 
glycerol  a3  constant  carbon  source  were  utilized,  the  reaction  of  which  was 
calibrated  by  the  addition  of  hydrochloric  acid  or  potash  lye.  In  both  series 
cultivation  took  pla.ee  at  28°C  and  lasted  10  days. 


Test  series  1. 


Here  asparagine  (0.656$)  served  as  N  source  and  glycerol  (3,-)  as  C  source. 


Table  11  shows  that  under  existing  conditions,  optimal  chromogenesis 
actually  takes  place  in  the  weakly  acid  area;  the  same  is  true  for  optimal 
growth.  The  column  of  final  pH  values  reveals  that  there  is  a  trend  to  estab¬ 
lish  a  uniform  reaction  in  the  area  of  pH  6-6.3,  since  the  low  pH  values 
generally  rise  and  the  high  ones  fall,  if  the  unavoidable  fluctuations  are 
disregarded. 
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Tab. 14.  Pigmentation  and  cell  multi plication  in  asparagine-glycerol  solution 
_ of  various  reactions. 


Init 

pH 

ial  Factor  of  pigment 
multiplication  > 

Final, 
pH  / 

Initial  Factor  of 
pH  multiplication 

pigment 

Final 

pH 

4.6 

2.0 

0 

4.6 

6.6 

9.0 

15.0 

6.6 

5.0 

6.0 

32.5 

4.6 

7.0 

6.0 

20.0 

6.6 

5*4 

9.0 

47.5 

6.6 

7.3 

3.0 

5.0 

6.3 

5*6 

13.0 

7.5 

6.4 

7.5 

9.0 

22.5 

6.3 

5.3 

13-5 

9.0 

5.9 

7.0 

7.0 

15.0 

6.8 

6.0 

14.0 

35.0 

6.2 

8.0 

12.0 

5.0 

6.7 

6.2 

13.5 

20.0 

6.2 

8.2 

2.0 

2.5 

6.C 

6.4 

19.0 

100.0 

6.7 

8.6 

3.0 

4.0 

6.0 

Test  series  2. 

In  this  test  series  ammonium  chloride  in  the  amount  of  0.535  Z  per  100 
ccm  nutrient  solution  was  utilized  as  nitrogen  source  in  place  of  asparagine. 
This  test  had  to  be  limited  to  the  area  of  pH  5*4-7. 2,  since  stronger  alkalinity 
causes  the  formation  of  the  poorly  soluble  compound  magnesium-ammonium  phosphate 
from  Kg  and  PO^  ions  present  in  the  nutrient  solution,  which  then  precipitates 
from  the  alkaline  solution,  also,  stronger  alkalinity  causes  separation  of 
anmonia  from  ammonium  chloride,  which  also  must  be  avoided.  Otherwise  the 
same  conditions  and  circumstances  prevail  as  in  test  series  1  of  this  chapter. 

Tab. 15.  Chromogenesis  and  growth  in  ammonium  chloride-glycerol  solution  of 


various  reactions. 


Initial  Factor  of 
pH  multiplication 

pigment 

—• 

'/» 

Final  . 
pH  f 

Initial 

PH 

Factor  of 
multiplication 

pigment 

tJ 

Final 

PH 

5-4 

1 

0 

4.9 

6.6 

4 

2.5 

5.2 

5.6 

1 

0 

5.0 

6.8 

•4 

2.5 

5-3 

6.0 

4 

2.5 

5.0 

7.0 

7 

2.5 

5.4 

6.2 

2 

2.5 

5.0 

7.2 

3 

20.0 

5.4 

6.4 

3 

100.0 

5.1 

Table  15  shows  that  optimal  pigment  production  takes  place  at  a  strict  pH 
value  of  6.4,  i.e.  again  in  the  weakly  acid  area.  Growth,  on  the  other  hand , 
increases  rather  steadily  toward  the  alkaline  region  and  has  a  slightly  increased 
optimum  at  pH  7*  In  comparison  to  the  first  test  of  this  chapter  nothing  lias 
changes  regarding  optimal  chromogenesis.  Minimum  pigmentation  takes  place  at 
pH  6  and  in  the  alkaline  portion,  Maximum  pigmentation  corresponds  to  a  final 
pH  value  of  5.1*  Besides,  the  terminal  hydrogen  ion  concentration  has  risen 
to  such  an  extent  compared  to  the  initial,  that  almost  equal  pH  values  have 
developed  throughout . 

The  different  test  series  reveal  unequal  influence  on  chromogenesis  and 
a  connection  between  the  latter  and  growth  on  media  with  simple,  easily  de¬ 
fined  nitrogen  and  carbon  sources  to  the  extent  that  a  method  of  cultivation 
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cm  be  derived  therefrom  for  the  purpose  of  producing  correspond!  r. ;  cuantities 
of  the  pigment  of  3.  prodigiosus,  making  the  investigation  of  prodiglosin 
possible,  .ic  suits  of  such  an  investigation  will  be  discussed  in  a  second 
rcoort. 


literature 


1.  Hefferan,  i-Lary,  Zentralbl .f .Balct.abt.il. Vol.  11,1903,0.466. 

2.  Sullivan,  Synthetic  culture  media  and  the  biochemistry  of  bacterial  pig- 
ments.  (Journ.of  med. Res. Vol. 14. 1905. p  109-160.) 

3.  Kraft,  E.,Biologie  des  Bact.prodigLosum  und  sum  chcmischen  Verhaltcn 
seines  Pigments  (Dissertation)  Wuerzburg  1902. 

4.  Pappenhausen,  Ueber  die  Bedingungen  der  cards  to  f  f  bildu  ng  bci  aen  Baktericn. 
(.-.rb.a.d.Bakt.Inst.d.Techn.Hochschule  Karlsruhe.  Vol.  3*  1903*  p  43*) 

5.  Hefferan,  lu,  Zentralbl. f.Bakt.Abt. II.  Vol.  11.  1903-  p.  520. 

6.  Basserzug,  E.,  Variations  de  forme  des  les  bacteries.  (.inn.ae  I'Inst.  rast. 
Vol.  2.  1888.  p.  75,  153.) 

7.  V.'ovley,  P.G.,  Experiments  made  to  determine  the  effect  of  sugar  upon  the 
pigment-formation  of  some  chromogenic  bacteria.  (John  Hopkins  Bull.  Vol.  10, 
1899.  p.  130.) 

8.  Koeske,  7f.,  Versuche  ueber  die  3eaingungen  der  Farbstoffbildung  des  Bac. 
pyocyaneus.  (Beitraege  zur  klin.Chirurg.Vol.  18.Tueb.1897*  p.  103.) 

9.  Hefferan,  K.,  Zentralbl .f.Bakt.Abt. II. Vol. 11. 1903. p.521. 

10.  Samkow,  S.,  Zur  Physiologie  des  Bacillus  prodigiosus.  ( Zentralbl. f.’Bakt. 

abt. II. Vol. 11.1903. p.305.) 

11.  Sullivan,  K.X.,  Synthetic  culturaedia  and  the  biochemistry  of  bacterial 
pigments.  (Journ.of  raed.Res.Vol.  13.  1905.  p.  109-160.) 

12.  Carminitti,  Zentralbl. f . Bakt. Abt. I. Vol. 43- 1907. p. 7 53- 

13.  Kuntze,  .veitere  Bemerlcungen  zur  Farbstoffbildung  des  Bac.  prodigiosus. 

(  Zentralbl .  f .  Bakt , ;  ibt .  I .  Ori  g .  Vol .  44 . 1907  •  p .  299  - ) 

14.  Papenhausen,  Ueber  die  Bedingungen  der  Farbstoffbildung  bei  den  Bakterien. 

(  .rb .  a .  d .  Bakt .  Inst .  d .  Te  chn .  Ho ch  s chule  Karlsruhe . Vo  1 . 3  •  1903  *  p .  43 . ) 

15.  Laurent,  E.,  Etude  sur  la  variabilite  due  bacille  rouge  de  riel.  (Ann.de 
I'Inst. Past. .Vol. 4. 1890. p.465.) 

16.  Kuntze,  Seitere  Bemerkungen  zur  Farbstoffbildung  des  Bac.  prodigiosus. 

(  Zent  ralbl .  f .  Eak  t .  nbt  .I.Qrig.Vol.44. 1907 .  p .  299  • ) 

17.  Kossowitz,  Beobachtungen  ueber  die  Farbstoffbildung  einiger  Ba’.ctcrien  in 
gczuckerten  *ineralsalznaehrlo  e  sungen .  ( Zt s  chr . f . d . landw . Ver su  ch  swe  s . i . 
Qcsterr. 1904. p.404. ) 

13.  Sankow,  3.,  Zur  Physiologie  des  Bacillus  prodigiosus.  ( Zentralbl. f .Bakt. 
Abt.Il.Vol.il.) 

19.  See  Ho.  4. 

20.  Sullivan,  M.,  Chenie  der  Bakterienpigmente.  (Zentralbl. f.Bakt.Abt. II.  vol. 
10.1903.p.386.) 

21.  Sairnow,  M.D.,  Induced  variations  in  Chromo  gene  si  s.(  Zentralbl.  f  .5akt.-i.bt. 

II.Vol.45. 1916. p.369.) 

22.  Schottclius,  H.,  Biologische  Untersuchungen  ueber  den  Micrococcus  procii- 
giosus.  (Ref.:  Zentralbl. f. Bakt. Vol. 2. 1887. p. 439.) 

23.  Sec  Ko.  6. 

24.  Galcotti,  G.,  Ric’nerche  biologLc'ne  sopra  alcuni  batteri  cronogeni.  (L1 
csperiaental e .Vol . 46 .No .  3 . 1892 . p . 261 . ) 


26 


25.  Delanoe,  3eitrag  zur  Biologie  des  Bacillus  prodigiosus.  Zinfluss  uer 
iempsratur  auf  das  i/achstun  und  auf  die  Farbs toff bi laung .  (Corr.ot.rend.soc. 
Diol.Vol.60.p.2?3.) 

26.  .iitter,  G.,  Zur  ?hysiolo;p.e  des  Bacillus  Drodirdosus.  (Zentralbl.f .Bakt. 
•ibt.II.Vol.  6. 1900.  p.206.) 

27.  bamkow,  3.,  Zur  Physiologie  des  Bacillus  orodirdosus.  (  Zentralbl.f .Bakt. 

.•ibt.II.Vol.  11. 1903.  p.306.)  *  -  • 

2o.  Schottelius,  w.,  iZLologischc  Untersuchungen  ueber- den  Bacillus  prodigiosus. 

( Zcntralbl . f . Bakt . Vol. 2 .  1Go7 • ) 

29.  Bee  No.  25. 

30.  Galeotti,  G.  liicherche  biologiche  oopra  alcuni  battcri. 

31.  Hefferan,  i-i . ,  comparative  and  experimental  study  of  bacilli  producing 

red  pigment.  (Zentralbl.f . Bakt. ..bt.II.Vol.il. 1903. p.526.) 

32.  Gottschlich  in  Kolle-4a s se rmann ,  Handbuch  d . pathog . Bakt crien . J ena  1902. 

33«  Chopin  and  'fanann,  Ueber  den  Zinfluss  hoher  Jruckc  auf  iakroorganisiaen. 

(Ztschr.f .Hyg.Vol.45 . 1903. p. 171. ) 

34.  Smirnow,  l.c. 

35.  Cordier,  H. ,  Kajat  and  Puje,  C.,  Farblose  Kulturen  des  Bacillus  prodigioous. 
bei  Gegenwart  von  fluechtigen  Dueapfcn.  ( Compt.ltcnd.doc. Biol. Vol. 65. p.3iv4.) 

36.  Bouchard  and  Balthazar,  Zinwirkung  von  iiadiur.i-Kmnation  auf  die  Farbstoff- 
bildung  der  Bakterien.  (  Compt. . tend. l’.icad. Vol. 142. 1906.O.319.) 

37.  Schneider,  ?.,  Die  Eedeutung  der  Bakterienfarbstoffe  fuer  die  Unterscheidung 
der  arten.  Dissert.  Basel  1894.  (Zentralbl.f .Bakt. abt. I. Vol. 16. 1895- p.633.) 

38.  Griffiths,  *.B.,  Compt.dend. 1892. 115. 

39-  Kraft,  l.c. 

40.  Scheurlen,  E.,  Geschichtliche  und  experimentelle  Studien  ueber  den  orodi- 
giosus.  (arch.f .Hyg.Vol.24.p.l.) 

41.  Lehmann  and  Neumann,  Bakteriologie.Vol2.7th  edition.  1927- p.460. 

42.  Samkow,  l.c. 

43.  Eisler,  K.,  and  Portheia,  L.  von,  Versuche  ueber  die  Veraenderung  am 
Bakterienfarbstoffe  durch  Licht  und  Temperatur.  (Zentralbl.f .Bakt. Abt. II. 
Vol. 40. 1914. p.l.) 

44.  .ibderaaldons  I’andbu ch  der  biologischen  arbeitsmethoden.  Part  a.  No.  3«P« 

478,  Determination  of  acidity. 

45.  -ibderhaldens  Handbuch  der  biologischen  ..rbeitsmethoden.  Part  A.  No.  3* 
p.492. 


27 


